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I. Material 


In the spring of last year, the writer recieved from Dr. TATEIWA of 
the Geological Survey of Chösen several specimens of Korean Mesozoic 
fossil plants for identification, some of which apparently were those 
of tree-ferns. At the same time, Professor NAKAMURA of the Kyóto 
Imperial University forwarded for study certain specimens belonging 
to a fossil tree-fern from Wakayama Prefecture. Finally, numerous 
sections of well-preserved petioles of tree-ferns, collected some years ago 
in Hokkaido by Professor Коли and Dr. Suzukı, were added to the 
material. 

The results thus far obtained from the study of these materials, in 
comparison with the structure and affinities of living Cyatheaceae, 
which was the subject of the writer’s previous study”, are now given in 
the following paper. 


IL Cyathocaulis, gen. nov. 


A Mesozoic tree-fern stem showing internal structure. Stem-surface 
mostly covered with adventitious roots. Stele * Cyathean dictyostelic?"; 
main part dictyostelic, each meristele curving in horseshoe or wavy 
fashion, and enclosed in a sclerenchymatous sheath; meristelic margins 
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at the leaf-gap elongate mostly outwards giving off leaf-traces, a few are 
directed inwards. Medullary bundles occur in the pith. Root-traces 
are found in the cortex and the pith. Petioles fall off clean from 
their very bases; arrangement of leaf-traces just as Cyatheaceae now 
living. 


1. Cyathocaulis naktongensis, sp. nov. 


Dracnosts. Mesozoic tree-fern stem, 10 cm. in diameter, covered 
with roots. Leaf-arrangement spiral. Meristeles curve conspicuously, 
each enclosed in a sclerenchymatous sheath; meristelic margins elongate 
outwards and also inwards. Medullary bundles numerous, mostly 
situated in the center of the pith or near the leaf-gap ; larger ones are 
accompanied with sclerenchymatous sheaths consisting of separate 
segments, or rarely of a continuous ring. Root-traces numerous in 
the cortex, and in the periphery of the pith. Leaf-scar elliptical or 
fusiform with numerous small bundles; arrangement of bundles as in 
Cyatheaceae now living, i.e. inside an elliptical ring, with internally 
projecting bundles on the upper and lateral sides. 


a. Specimens from North Kyong-sang Dô, Korea 


Locanity AND Horizon. Chhil-kok Gun, North Kyöng-sang Dô, 
Korea*. In conglomerate-beds of the Lower Kyöng-sang Formation“; 
an element of the fossil flora of the Nak-tong Series"; Upper Jurassic*!?, 
Collected by I. Tarzıwa, 1925. Specimens 2A, 2B, 20 and 2D. 

EXTERNAL FEATURES. (Specimen 2A) Stem cylindrical; height 
about 10 cm.; fusiform in cross section, diameter 13 х8 cm. Stem- 
surface mostly exposed, partly covered with roots. In a cross section, 
leaf-gaps 21 and meristelie bands 12 in number.  Silieeous, light 
reddish-brown. 

(Specimen 2B) Stem cylindrical; height about 30 cm.; elliptical in 
cross section, diameter 16 х8 ст. Stem-surface mostly exposed, partly 
covered with roots. In a cross section, leaf-gap 21 and meristelie bands 
11 in number. Several leaf-scars with leaf-bundles are visible. One of 
the scars is fusiform with the longer, vertical, axis of 13 cm., and the 
shorter, horizontal, axis of 4.5 em.; vascular bundles in the scar about 
190 in number, arranged just as in the recent Cyatheacean type. 
Siliceous, light reddish brown (Figs. 1-3 ; Text-figs. 1-2). 
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(Specimen 20) Stem enclosed in root-mass, cylindrical; height 
about 20 cm.; elliptical in cross section, diameter 19 x 14 cm. including 
the surrounding root-mass. Stem elliptical 
in cross section, diameter 9 x 7 cm.; leaf-gaps 
13 and meristelic bands 9 in number. 
Siliceous, black (Fig. 4; Text-fig. 3). 

(Specimen 2D) Largest specimen ; stem 
enclosed in root-mass, cylindrical; height 
about 20 cm. (according to the collector the 
original specimen was about 70cm. in 
height) ; elliptical in cross section, diameter 
25 х 15 ош. including the surrounding root- 
mass. Stem elliptical in cross section, 
diameter 11x6cm.; leaf-gaps 14 and meri- 
stelic bands 8in number. In the root-mass, 
some small stems are found enclosed, one of 
which is circular in cross section, З cm. in 
diameter. Siliceous, black (Figs. 5-6). 

The phyllotaxy could not be determined 
from the arrangement of the leaf-scars, as 
they are concealed under the root-mass. 
However, judging from the position of the 
leaf-gaps in cross section, the phyllotaxy in 
a small stem with a diameter of З cm., 
enclosed in the root-mass of Specimen 2D, 
is of the regular } type (Fig. 6), but in the 
larger stems, it cannot be reduced toaregular Text-fie. 1. A leaf-scar on the 
type, as is also the case with recent tree-ferns. So مر‎ и 


The arrangement of leaf-bundles in the vascular strands. (Cir. Pl. 11, 
Fig. 3) (X2 


leaf-scar can be seen in Specimen 2B, in 
which one nearly complete and several incomplete leaf-scars are seen 
on the stem-surface (Fig. 1). One of the scars is fusiform with a 
vertical axis of 18 cm. and a horizontal axis of 4.5 cm., the upper and 
lower ends tapering in conical form (Fig. 8; Text-fig. 1). The bundles 
in the scar number as many as 64 or 65 pairs, arranged as in the 
Cyatheaceae now living, especially in Alsophila Bongardiana, Al. late- 
brosa, etc. Most of the bundles are arranged in a fusiform ring around 
the outer ring of the scar, while tho rest occur as a double pair of rows 
running obliquely from lateral sides to the median lower side, with 
another two rows along the median line in the upper portion (Text-fig. 1). 
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The lower half of the outer ring, consisting of about 20 pairs of bundles, 

и و‎ uo m 
and the lower of the laterally projecting series, consisting of about 12-13 
pairs, form the ‘inferior series’. ‚The remaining bundles together 


Text-fig. 2. Cross section of Specimen 2B, showing arrangement 
of stelar system. (Сїт. Pl. II, Fig. 2) (х=) 


A—U, ‚position of leaf-gaps; cr, cortical root-trace; mr, medul- 
lary root-trace; т, root-mass; st, stele; mb, medullary bundle. 


constitute the ‘superior series’, in which can be distinguished three 
series, viz. the upper half of the fusiform ring consisting of about 14-15. 
pairs, the upper oblique rows of the laterally projecting series consisting 
of about 10 pairs, and the median upper isolated ones consisting of 
6-7 pairs of bundles. The other scars in the same material show a 
similar arrangement of bundles, though it could not be completely 
determined. In other specimens, we were unable to trace the mode of 
arrangement completely, but in some scars, the same, though incomplete, 
arrangement was ascertained. 

INTERNAL STRUCTURE. The form and arrangement of the stelar 
ring in a cross section of the stem resemble those of Dicksonia now 
living, especially of Dicksonia antarctica. The meristeles number 10-20, 
of which the simple forms curve in a horseshoe-shape, both arms turn- 
ing outwards, while the complex ones haye a W-shape or are somewhat 
irregularly wavy (Figs. 2 & 4; Text-figs. 2-3). 

The structure of the stelar margin at the leaf-gap and the mode of 
parting of leaf-traccs in the leaf-gap' closely resemble those of recent. 
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Cyatheeae, as might be expected from the resemblance of the arrange- 
ment of bundles in the leaf-scars of the present fossils and the recent 
Cyatheeae. But, as characterizing the fossils, the stelar marigns at the 
gap are prolonged not only outwards but also inwards within the pith 
(Text-figs. 2, GLT; 3, ADI). In order to see the significance of this 


Text-fig. 3. Cross section of Specimen 20, showing ar- 
rangement of stelar system; roots on the outer part omitted. 
(Cir. Pl. 11. Fig. 4) (x4) 


Abbreviations as in Text-fig. 2 


internal projection of the stelar margin, it is desirable to examine a 
series of cross-sections, which is, however, not easy in the fossil material. 
The writer attemped to ascertain the solid construction of the stelar 
system by the aid of an incomplete series of cross sections and of 
successive planes made by griding down the specimens, but, even in 
this way, the course of the medullary bundles and root-traces could not 
be traced completely. 

The structure of the leaf-gap and the mode of parting of leaf-traces 
mostly resemble those of the recent Cyatheeae in the lower part of the 
gap. In tracing a leaf-gap from below upwards (Text-fig. 4, 1-14), the 
stelar ring at first is seen to bulge out gradually in a horn- or pouch- 
shape (1-2). . The bulging procceds further, and its terminal portion 
broadens laterally, with an intervening neck, i.e. a connecting part 
between the terminal portion and the stelar body, lateral sides of which 


356 У. Ogura 


are now parallel to each other (5-4; Figs. 16 & 20). Then, the median 
part of the expanded terminal portion is divided into small strands (3-4), 
which are the leaf-traces belonging to the inferior series. The division 
propagates laterally, and the divided strands extend out of stem, enter- 
ing the petiole (4-6). The remaining portion of the expanded part is 
cut off from the apex of the neck (4-5), and is then divided into small 
strands (5-6), which become the leaf-traces of the upper lateral parts 
and the internally projecting traces of the inferior series. At the same 
time, the margins of the neck, which become free on the parting of the 
traces, are connected with the medullary bundles now extending to the 


Text-fig. 4. Series of cross sections of the stem through a leaf- 
gap, showing the mode of parting of leaf-traces and the course of 
medullary bundles; root-traces are omitted. (nat. size) 


Explanations in text. 
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leaf-gap (5), with the result that the margins seem to turn a little toward 
ihe median line of the gap (5). Soon after, the marginal parts of both 
arms ofthe neck widen gradually, and in this process small strands 
are separated successively from the margins (6-9), which become the 
leaf-traces of the laterally projecting rows of the superior series. 
Meanwhile, several medullary bundles seem to unite with the parting 
leaf-traces, but this relation cannot be traced exactly. Higher up, 
some medullary bundles within the gap fuse into a pair of long (in 
cross section) band-shaped strands (5-7), and these fuse into the surface 
of the curved meristeles near the margins with their inner ends, which 
gives to the stelar margin a bifurcated appearance (8). Then, the bifur- 
cated margin is cut off in one piece at the jointed point (9; Fig. 25), 
which is then divided into the leaf-traces belonging to those on the 
upper sheet and upper projecting part (9-10); in the latter, therefore, 
medullary bundles are included, or strictly speaking, the latter is 
derived from the medullary bundles. 

The formation of the leaf-traces and the construction of the leaf-gap 
above described are nearly the same as those in recent Cyatheaceae, 
while the characteristic feature of the present fossils is found at the 
highest part of the gap (Text-fig. 4, 9-14). When the bifurcated stelar 
margin is cut off, the free margin at the gap turns abrubtly toward the 
pith (9), and both arms at the gap are prolonged inwards parallel 
to each other (10). Higher up, the incurved margin is successively 
combined with the medullary bundles (10; Figs.18 & 19), thus making the 
internal projection longer (11), and at the same time the terminal portions 
of both arms broaden. In this way, the internal projection seems to be 
derived from the fusion of the medullary bundles. Proceeding further 
upwards, the widened margins approach one another (12), and finally 
connect with each other, forming a horn-shaped process projecting 
inwards (13). Then, this projection shortens, and finally disappears, 
thus restoring the normal stelar ring (14). In this way, the internal 
projection of the stelar margins occurs at the upper portion of the 
leaf-gap, after the parting of leaf-traces has been finished, and is con- 
nected with the medullary bundles. 

On both sides of the stelar ring there are the sclerenchymatous 
sheaths. They are usually badly preserved and not always distin- 
guishable, but there is no doubt that the sheath is always present 
surrounding each meristele as in the recent Cyatheaceae (Figs. 18-21 ; 
Text-fig. 5). This sheath is also found on the leaf-traces already parted 
from the meristele (Fig. 25). 
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On the outside and inside of the stelar ring, 1. е. in the cortex and 
the pith, there occur many small bundles, some of which represent the 
medullary bundles and others the root-traces (Text-figs. 2, 3 & 5, er, mr, 
mb). These two kinds of bundles can be distinguished in the slide- 
preparations, but not in the planes made by griding. 

The medullary bundles are found mostly in the center of the pith, 
scattered or in groups, but not usually in the periphery of the pith. 
At the leaf-gap they are situated within the elongated stelar margins, 
and some of them fuse with the latter (Fig. 19). When the stelar 
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Fig. 5. Cross section of a part of the stem halt diagrammatically 
drawn, showing the general structure. (хо) 


г, root; cor, cortex; сг, cortical root-trace; mr, medullary 
root-trace; sc, sclerenchymatous sheath; st, stele; lg, leaf-gap; 
lt, leaf-trace; mb, medullary bundle; pi, pith. 
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margins extend within the pith, their marginal parts reach the region 
where the medullary bundles are found abundantly (Text-fig. 5), and 
some of the bundles fuse with the margins. The larger bundles are 
accompanied with sclerenchymatous sheaths, but the smaller ones 
usually are not (Text-fig. 5). The sheaths on each bundle consist of 
one or more small masses, and in very rare cases form a closed ring 
(Figs. 22, 24, 26,27 & 31). Nearly half of the medullary bundles seem 
to have sheaths. Sometimes, two or more bundles are enclosed in a 
common sheath; in this case, the sheath shows a very irregular shape 
due to the irregular arrangement of the enclosed bundles (Fig. 22, 
Text-fig. 5). The exact number of medullary bundles cannot be stated ; 
in the central part of the stem of Specimen 2A, within a circular area, 
25 mm. in diameter, there are about 100 bundles. 

The root-traces are so abundant in the cortex that some of them are 
crowded and pressed together (Text-fig. 5, cr) They are found also at 
the periphery of the pith, being especially abundant near the scleren- 
chymatous sheath of the stelar ring (Figs. 18, 19, 22, 24, 26, 28 & 31; 
Text-fig. 5, mr). In the center of the pith, on the contrary, no root- 
traces are found, and only the medullary bundles are present. The 
root-traces are also found within the leaf-gap (Text-fig. 5). Of the root- 
traces, therefore, two kinds may be distinguished, the one may be called 
‘cortical’ and the other ‘medullary’, ihe former being the ordinary 
ones in ferns. Root-traces, penetrating the sclerenchymatous sheaths, 
are often connected with the outer surface of the meristele near the 
leaf-gap. This leads to the view that the cortical root-traces may arise 
in the outer part of the stelar ring, as in the ferns now living, though 
this relation cannot, strietly speaking, bo traced. The medullary root- 
traces, on the contrary, could not be traced to their origin. ‘The writer 
has never seen a case of their connection with the stelar ring. 

HISTOLOGICAL STRUCTURE. The preservation is not always complete, 
and the histological structure of each tissue must be studied by com- 
paring several slide-preparations. Generally speaking, the tracheidal 
elements are well-preserved, and those of the stelar ring and medullary 
bundles are nearly always recognizable, even in conditions under which 
the other tissues disappear. However, their preservation in the root- 
irace is generally bad. The fundamental tissue is preserved less 
perfectly; yet, the parenchymatous cells can often be clearly recognized. 
The sclerenchymatous cells are preserved worst of all, and their struc- 
iure can rarely be recognized. The phloem either wholly disappears 
or is found crushed (Text-fig. 6). 
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The external part of the stem is ill-preserved, the epidermis not 
being found as а distinct layer. Perhaps, the epidermal and sub- 
epidermal layers had peeled off, as in the 
recent tree-ferns. The cortex consists of 
parenchyma. The sclerenchymatous sheath 
of the meristele consists of sclerenchymatous 
fibers with a thick, sometimes very thick, 
membrane, and when the preservation is 
bad, it loses its cellular character, and the 
tissue becomes transparent, by the feature 
of which this tissue is also distinguished 
from the surrounding parenchyma (Fig. 28; 
Text-fig. 6, sc). The pith consists of paren- 
chyma similar to that of the cortex. In the 
pith and the cortex there are numerous 
small cavities within the parenchyma (Fig. 
28; Text-fig. 6, se), which are probably 
secretory cavities corresponding to those of 
the Cyatheaceae now living. The cavities 
are often seen even when the surrounding 
parenchymatous cells have lost their cell- 
structure. 


The meristele is composed of the central Text-fig. 6. A part of the 

| 2 À : stem in cross section half dia- 
xylem, which consists of about 10 rows of grammatically drawn, show- 
tracheids intermingling with the xylem- 8 its histological в 
parenchyma between them (Fig. 28; Text-fig. сог, cortex; cr, cortical root- 
n S NY ; e NA trace; se, secretory cavity; 
6, ху). The protoxylem is not found. The sc, sclerenchymatous sheath: 
er eid 7 ER. x leer end, endodermis; xy, xylem; 
racheidal wall, though not well-preserved, ee ee ae 
appears to be scalariform. The endodermal pith. 
layer is often seen, and consists of small regularly arranged cells 
(Text-fig. 6, end). This layer is found around the xylem. Between the 
xylem and the endodermis there exists a clear space, which seems to 
have been made by the disappearance of the phloem and pericycle. 
The bundle is, therefore, probably amphicribral concentric. 

The medullary bundle is protostelic, and at its center there is the 
xylem composed of scalariform tracheids and parenchyma (Figs. 29 & 

. rm r 2 i ny x y 一 2 

31; Text-fig. 7). Surrounding the xylem and separated from it by a 
clear space, which had been occupied perhaps by the phloem, the 
endodermis is often found well-preserved (Fig. 29; Text-fig. 7, end). 


The sclerenchymatous sheath surrounding the medullary bundle 18 
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constructed in the same way as that of the meristele, and usually is 
badly preserved (Figs. 26, 29 & 31; Text-fig. Т, sc). 

The root-traces on the inner and outer sides of the stelar ring are 
of the same structure (Figs. 26, 28 & 31; Text-fig. 6, cr, mr). Its stele is 
constructed after the typical fern-type, each bundle containing a diarch 
xylem. Outside the bundle, there 
is a thick cortical layer, its inner 
part consisting of small scleren- 
chymatous fibers and the outer of 
parenchyma, of which the mem- 
brane is uniformly thick, but the 
trace is distinguishable from the 
fundamental tissue of the stem 
by the smaller size of its cells and 
by the distinct line of demarca- Soe 
tion between the trace and the „ OO 
fundamental tissue (Figs. 284 31; y 
Text-fig. 6). Moreover, some cell- 
layers of the fundamental tissue 
surrounding the traces are flat- Texte. 7. 


. Cross section of a medullary 
tened by the expansion of the bundle, showing its histological structure. 

” А (х 30) 
traces. By these features, the sc, sclerenchymatous sheath; se, secretory 


root-traces can be distinguished У: end, endodermis. 


from the medullary bundles, even in a rather bad state of preservation. 

'The roots surrounding the stem are generally well-preserved, and 
are constructed in the same way as the root-trace, but are larger than 
the latter (Figs. 18 & 23). The bundle of the root is constructed after 
ihe same type as tbe root-trace, but the cortical tissue shows a clear 
differentiation into two parts ; the outer consisting of larger thin-walled 
parenchyma and the inner of small thick-walled sclerenchyma (Fig. 30). 


b. Specimens from Wakayama Prefecture, Hondo 


History. Through the kindness of Professor NAKAMURA some 
pieces of fossil tree-ferns from Wakayama Prefecture came to hand. 
Most of them were silicified root-masses, but one piece included a 
fragment of the stem. It was, however, badly preserved, and specific 
determination was scarcely possible. In order to obtain further 
materials, the writer, in October 1926, visited the locality where the 
fossils were found. Fortunately, he succeeded in collecting several 
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specimens containing stems and numerous fragments of root-masses, 
The investigation was based on these materials. 

Dr. Expo of the Tohoku Imperial University, investigating the 
present fossil with the material furnished by Professor NAKAMURA, 
identified it with the genus Tempskya?. Не, however, failed to study 
the stem, his identification being based on root-structure with diarch 
bundle. According to the writer's observations, the fossils show no 
features of Tempskya in the stem-structure, but display clear charac- 
teristics of Cyatheacean affinity. 

LocAnmvY AND Horizon. Fujinami-mura, Arita-göri, Wakayama 
Prefecture, Hondo*. Embedded in clay, aecompanied with some other 
gravel. Cretaceous. Collected by Y. OGURA, 1926. Specimens A to G 
and others. 

EXTERNAL FEATURES. (Specimen A, material recieved from 
Professor Nakamura) Stem enclosed in root-mass, discoid; height 
lem.; cross section circular, 
diameter 6cm. including the 
surrounding root-mass. Stem 
circular im cross section, 
diameter 3 cm.; leaf-gaps 6 and 
meristelic bands 4 in number. 
Siliceous, greyish-brown. 

(Specimen B) Stem ex- 
posed,  gravelform; height 
о cm.; cross section circular, 
diameter 5.5 em. Stem not 
covered with roots, external 
surface rabbed off; in cross 
section leaf-gaps 13 and meri- 


Text-fig. 8. Cross section of Specimen В, 


showing arrangement of stelar system. stelic bands 8 in number. Sili- 
(Cir. Pl. IT, Fig: 12) (nat. size) BP = 
Abbreviations as in Text-fig. 2. SU Er ٣۷٣٦ (Fig. 12; 


Text-fig. 8). 

(Specimen С) Stem enclosed in root-mass, longitudinally bisected ; 
height 8 em. ; cross section bow-shaped, chord 18 cm., distance between 
атс and chord 6.5 cm. Stem bisected; semicircular in cross section, 
diameter 5 cm.; leaf-gaps 4 and meristelie bands 4 in number (both 
numbers corresponding nearly to one half the number in the whole 
stem). Siliceous, ereyish-brown. 
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(Specimen D) Stem enclosed in root-mass, gravel-form ; height 
5.5 cm. ; cross section elliptical, diameter 12.5 x 7.5 cm. including the 
root-mass. Stem in the root-mass elliptical in cross section, diameter 
1.5x4 cm. ; leaf-gaps 11 and meristelic bands 8 in number. Siliceous, 
deep black (Figs. 10 & 11; Text-fig. 9). 


Text-fig. 9. Cross section of Specimen D, showing arrangement of 
stelar system; outer part of the root-mass omitted. (Ctr. Pl. ТТ, 
Fig. 11) (nat. size) 


Abbreviations as in Text-fig. 2. 

(Specimen E) Stem exposed, gravelform; height 6cm.; cross 
section elliptical, diameter 7.5 × 8 cm.  Stem-surface rubbed off; in 
cross section leaf-gaps 11 and meristelic bands 8 in number. Siliceous, 
black (Fig. 9). | 

(Specimen Е) Small stem enclosed in root-mass ; discoid; height 
2.5cm.; cross section irregular polygonal with largest axis 11 em. 
Mostly root-mass ; small stem enclosed in the center. Stem angular in 
cross section, average diameter 1.5cm.; positions of leaf-gaps 4, one 
continuous stelar band. Siliceous, greyish-brown. 

(Specimen С) Largest specimen; stem enclosed in root-mass ; 
cylindrical; height 18 cm. ; cross section elliptical, diameter 18 x 12 cm. 
including the root-mass. Stem in the center elliptical in cross section, 
diameter 6.5x4cm.; leaf-gaps 10 and meristelic bands 6 in number. 
Siliceous, greyish-brown (Figs. 7 & 8). 

Several other fragments of stems and many fragments of root- 
masses. n 

STRUCTURE. All of the specimens are far smaller in size than those 
from Korea, the largest root-mass having average diameter of 15 cm., 
and the largest stem of 5.5cm., but this difference in the size of 
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the stem cannot be regarded as a specific difference. The general 
appearance and internal structure, however, exhibit the same type as 
those from Korea (Figs. 32-42). Especially, the most important point 
in the specific distinction, i.e. the appearance of the sclerenchyma- 
tous sheath of the medullary bundle, which has been ascertained 
by the writer from the comparative study of living Cyatheaceae”, is also 
the same as in those from Korea (Figs. 40-42). As compared with 
those from Korea, the present specimens are badly preserved, and most 
part of the tissues cannot be recognizable, exceptions being relatively 
well-preserved roots and tracheidal elements of the stele and the medul- 
lary bundles. Therefore, the exact features of the sclerenchymatous 
sheaths of the medullary bundles are not clear. However, from what 
ean be learned from a few bundles, the features of the sheaths coincide 
with those from Korea (Figs. 40-42). On the surface of a small stem 
(Specimen F), filiform hairs are found (Fig. 36). 

The present fossil from Wakayama, therefore, seems to be of the 
same species as Cyathocaulis naktongensis from Korea, though its bad 
preservation makes the exact identification difficult ; otherwise, 1 may 
be a tree-fern with close affinity to the Korean species. 


ПТ. Cibotiocaulis, gen. nov. 


A Mesozoic tree-fern stem showing internal structure. Stem-surface 
mostly covered with adventitious roots. Stele ‘Cyathean dictyostelic’ ; 
main part dictyostelic, each meristele curving in a wavy or horseshoe- 
shape, and being enclosed in a sclerenchymatous sheath; meristelic 
margins at the leaf-gap elongate mostly outwards giving off leaf-traces, 
while a few extend inwards. Medullary bundles are found in the pith. 
Root-traces are found in the cortex and the pith. Petiolar bases remain 
on the stem-surface ; arrangement of leaf-bundles in the petiolar base 
just as Cibotium Barometz now living. 

This genus differs from the former genus, Cyathocaulis, in that (a) 
the petiolar bases remain on the stem-surface and (b) the leaf-traces 
show the arrangement of the Cibotiwm-type. 


2. Cibotiocaulis Tateiwae, sp. nov. 


DIAGNOSIS Tree-fern stem, 10 cm. in diameter, covered with roots. 
Leaves arranged in vertical rows. Meristeles curve remarkably, 
enclosed in sclerenchymatous sheaths; meristelic margins elongate 
outwards and inwards. Medullary bundles numerous in the center of 
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the pith and near the leaf-gap; no sclerenchymatous sheaths on the 
bundles. Root-traces numerous in the cortex, and also in the periphery 
of the pith. Petiolar bases remain on the stem-surface elevated above 
the surface; leaf-traces are not clearly seen on the stem-surface ; they 
are arranged in the petiolar base just as in the type of Cibotiwm 
Barometz now living. 

LocALITY AND Horizon. Syong-jyu Gun, North Kyong-sang Do, 
Korea*. In conglomerate-beds of the Lower Kyöng-sang Formation ; 
an element of the fossil flora of Nak-tong Series; Upper Jurassict. 
Collected by I. TareıwA, 1925. Specimen 5. 

EXTERNAL FEATURES. (Specimen 5) Stem covered with root-mass, 
conical; height 10 cm.; tapering somewhat toward the upper portion, 
diameter of the lower side 15 x 8 cm. including the root-mass. One side 
of the stem damaged, other sides covered with root-mass. Stem itself 
irregularly lobed in cross section, average diameter 13 x 6 cm. ; leaf-gaps 
8 and meristelic bands 5 in number. Siliceous, stem greyish-white, 
root-mass black (Figs. 18-15 ; Text-fig. 10). 

One side of the stem is damaged, and itis only on two sides that 
the structure is well-preserved. Removing the root-mass, the stem with 
the petiolar bases are seen, the latter elevated above the stem-surface 
(Fig. 14). The elevated base is irregularly elliptical, with a vertical 


Text-fig. 10. Cross section of Specimen 5， showing arrangement of stelar 
system; roots on the outer part omitted. (Сїт. Pl. П. Fig. 15) (x) 


р, petiolar base; other abbreviations as in Text-fig. 2. 


* i) E Pa AE 30 ла Н TAE RS 07 70 t loc. cit. p. 352 
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axis of 6cm. and a horizontal axis of 4cm. Its lower side is rounded 
and marked with small dots, the remains of root-traces, while the upper 
side shows irregular dentieulation with some traces of foliar bundles 
exposed, the exact arrangement of which is not clear. These petiolar 
bases are arranged in vertical rows, the number of which is not exactly 
known owing to the damaged condition, but it seems to be about eight. 
In cross section of the stem, these parts rise above the stem-surface in 
semicircular form (Text-fig. 10). The general form, therefore, is similar 
to that of Cibotium Barometz now living. 

INTERNAL STRUCTURE. The stem assumes а lobed circular form in 
cross section, owing to the presence of petiolar bases, of which four 
were counted on one side, so that their whole number is probably 
eight (Fig. 15; Text-fig. 10). A part of the stelar ring bulges out 
within the lobe; consequently, the stelar ring also has the lobed 
outline following the stem-surface (Text-fig. 10, st). The general struc- 
ture of the stem in cross section, therefore, is similar to that of the 
Cyatheaceae now living, especially of Cibotium Barometz. Both inside 
and outside the stelar ring, there are the ill-preserved sclerenchymatous 
sheaths (Figs. 43 & 49; Text-fig. 10, sc). 

The structure of the meristelic margins at the leaf-gap, and the 
mode of the parting of the leaf-traces are similar to those of Crbotium 
Barometz, also the internal projection of the meristelic margins is the 
same as that of the former fossil genus, Cyathocaulis, but the mode of 
the parting of the leaf-traces differs from the latter. 

As a leaf-gap is traced from below upwards (Text-fig. 11, 1-8), at the 
bottom of the gap the stelar ring bulges out gradually in a fan-shape, 
broadening in the outer portion (1-2; Fig. 43), the median part of which 
is divided into short leaf-traces (3-5). Meanwhile, the bulging stelar 
part is separated from the stelar ring, leaving a leaf-gap on the latter. 
At the same time, while this separation is going on, the lateral margins 
of the trace turn toward the median line, and then project toward the 
center of the series of parted traces, running parallel to each other 
along the median line (5-7). The division of the band-shaped trace 
proceeds further, and the lateral sides of the series of traces deepen a 
little inwards, this groove being the limit between the superior and 
inferior scries of leaf-traces (5-7). Then, the division of the trace becomes 
complete, so as to form a series of leaf-traces arranged in the charac- 
teristic manner (7-3). 

Meanwhile, the leaf-gap formed by the parting of the leaf-trace 
undergoes a change, which is similar to that of Cyathocaulis (Text-fig. 
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, 58). As soon as the trace is given off, the stelar margins of the 
en formed leaf-gap turn inwards, and ‘project into the pith (5-6). 
In this case, medullary bundles fuse into the margins. The projected 
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Text-fig. 11. Series of cross sections of the stem through a leaf-gap, 
showing the mode of parting of leaf-traces and the course of medullary 
bundles; root-traces are omitted. (nat. size) 

Explanations in text. 


parts run parallel to each other, or widen somewhat at the marginal 
portion. At a short distance above, both margins of the internally 
projecting bands approach, and finally fuse with each other forming a 
horn-shaped process (7), which' shortens gradually (8), and at last 
disappears. 

In the petiolar base vascular bundles are arranged after the 
Cyatheacean type (Text-figs. 10, p; 11, 7-8). In addition to the series of 
bundles arranged elliptically along the surface of the petiole, there are 
two rows of bundles projecting toward the center from the median 
upper side, and two rows projecting from lateral sides toward the 
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median lower side; they can be classified into the superior series 
arranged in a pair of triangles, and the inferior series arranged in a 
semicircle, both margins turning somewhat inwards. Both series of 
bundles are composed of about 10 pairs, Two features, viz. that in 
the median upper part these bundles continue to the upper projecting 
series, whieh are very long, and secondly that the laterally projecting 
bundles are relatively short, are characteristic of this fossil, being very 
similar to those of Cibotium Barometz, and differing from the former 
genus, Cyathocaulis. i 

The sclerenchymatous sheaths are not found on the medullary 
bundles (Figs. 47 & 48), but owing to the bad preservation it is not 
quite certain whether they are really absent or not. The course of the 
medullary bundles could not be traced accurately. They connect with 
the internally projecting stelar margins at the leaf-gap, and also with 
the innermost margins of the parting leaf-traces, and give rise to the 
upper internally projecting bundles. 

The root-traces are found on the inside and outside of the stelar 
ring (Fig. 43; Text-fig. 10, er, mr); those on the outside, 1. е. the 
‘cortical’ ones, connect with the stelar ring, but in those on the inside, 
ie. in the ‘medullary’ ones, such a connection has not been observed. 
This feature of the root-traces, therefore, is the same to that of Cyatho- 
caulis. 

HISTOLOGICAL STRUCTURE. The preservation is generally bad, and 
that of the selerenchymatous elements is very bad. The histological 
structure of each tissue is like that of the former genus (Figs. 46-49). 
The only point worth of mention is the presence of filiform hairs on the 
surface of the stem (Fig. 45). 


IV. Cyathorachis, gen. nov. 


A Mesozoic tree-fern petiole or rachis. Cross section circular, ellip- 
tical or semicircular. Vascular bundles separate, numerous, arranged 
as in the Cyatheeae now living ; each bundle U- or V-shaped ; occasion- 
ally some bundles connected in a wavy form. Each bundle is enclosed 
in a sclerenchymatous sheath. 


З. Cyathorachis Fujiiana, sp. nov. 


DrAaNosis. Tree-fern petiole or rachis. Cross section circular, 
elliptical or semicircular, reaching a diameter of 20mm. Outer surface 
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smooth, no hairs or spines being perceptible. Arrangement of vascular 
bundles like that of the recent Cyatheeae ; inferior series composed of a 
semicircular row with long arms projecting from lateral sides to the 
lower median part; superior series composed of the series of an upper 
row, the laterally and upper projecting rows being arranged in the 
r7-shape. Bundles separate or connected in wavy form; each bundle 
is of U- or V-shape, enclosed in a sclerenchymatous sheath, which is 
thicker on the inner or concave side. No secretory tissue in the funda- 
mental tissue. 

LocALITY AND Horizon.  Yübari and Ikushumbets, Ishikari 
Province, Hokkaidó*. Embedded in greyish nodules. Upper Creta- 
ceous. Collected by К. Ерли and У. Suzuki, 1906 and 1910. Specimens 
A, B and C. 

EXTERNAL APPEARANCE AND INTERNAL STRUCTURE. The specimens 
is black, being embedded within the greyish clay together with other 
kinds of plant fossils. There are three different individuals, each about 
10 сш. in length. The section and preparation were made by Dr. 
SUZUKI some years ago, and since then have been in the care of 
Professor Коли in our Botanical Institute. 

(Specimen А). From Yübari. This is the thickest leaf-axis, about 
19 cm. in length. In cross section, it is nearly circular with a longitudi- 
nal axis of 18mm. and a lateral axis of 20mm. One lateral side 
damaged (Fig. 50; Text-fig. 12). The inferior series of vascular bundles 
is composed of a lower semicircular are with 34 waves, while the 
laterally projecting ones are composed of 6 pairs of bundles, separate or 
more or less connected with each other. The upper arc of the superior 
series consists of 9 or 10 pairs of bundles, mostly connected, and its 
median pair curves inwards continuing to the upper projecting series 
composed of 2 pairs of separate bundles; the laterally projecting series 
is composed of about 10 pairs, separate or connected, and runs obliquely 
downwards beyond the corresponding members of the inferior series. 
One of the lateral sides bulges out a little, and within the swelling two 
semicircular vascular bands are arranged vertically (Fig. 50; Text-fig. 12). 
These are the pinna-traces, which have, perhaps, been constricted off 
from the corners of the superior and inferior series of the main bundles. 
This is, therefore, the rachis, and judging from the mode of union of 
the vascular bundles, is probably its basal part. 

(Specimen B) From Ikushumbets. A well-preserved small leaf- 
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Text-fig. 12. Cross section of Specimen A, showing arrange- 
ment of vascular bundles; some parts damaged; on the leit side 
pinna-traces are shown. (Сїт. Pl. VIII, Fig. 50) (x 4) 


axis, about 8 em. in length. In cross section, it is semicircular, flattened 
on the upper side, with a lateral diameter of 14mm. and a longitudinal 
diameter of 10mm. (Fig. 51; 
Text-fig. 13). The inferior series 
of vascular bundles consists of a 
lower discontinuous semicircular 
row with 22 waves, and the later- 
ally projecting ones composed of 
2 pairs of strands. ‘The upper 
are of the superior series consists 
of 7 pairs of bundles, separate 
or connected, and the median 


pair curves inwards continuing 
to 1 or 2 pairs of the upper 


Text-fig. 13. Cross section of Specimen B, 
showing arrangement of vascular bundles; 
rojecting series in the medi: some parts of the fundamental tissue 
ро S : lian damaged. (Cfr. PL VIII, Fig. 5 ) (x4) 


plane, and its laterally projecting 
series i$ composed of 7 or 8 bundles on each side, mostly separate, 
projecting beyond the lateral projection of the inferior series. Judging 
from the condition of the vascular bundles, this material is probably the 
upper part of the petiole. To one portion of this petiole is attached a 
fragment of another petiole, the two being pressed together. 
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(Specimen С) From Yübari. A small leaf-axis, about 10 em. in 
length. In cross section it is elliptical with a longitudinal axis of 
13 mm. and a lateral axis of 10 mm. The upper part is damaged. The 
number and mode of arrangement of the vascular bundles are nearly 
the same as in Speeimen B, from which, however, this material differs 
in being larger longitudinally, while B is larger laterally. Perhaps, it 
represents the upper portion of the petiole. 

The presence of both separate and connected vascular bundles in 
the specimens above mentioned will be understood when the living 
Cyatheacean petioles are taken into consideration. In the latter, 
vascular bundles in the petiole are separated from one another in its 
basal part, and gradually become laterally connected higher up. The 
condition of the present fossils is that of a form transitional between the 
separate and connected bundles, and occupies a position corresponding 
to the upper part of the petiole or the lower part of the rachis. 

HISTOLOGICAL STRUCTURE. The preservation is extremely good, 
even thin-walled parenchyma being completely preserved. The struc- 
ture of each tissue is like that of the recent Cyatheaceae (Figs. 52-54). 

The epidermal layer and the outer part of the cortex consists of 
small thick-walled parenchyma, and within them is a thick layer of 
sclerenchymatous fibers, which gradually passes inward to the paren- 
chymatous fundamental tissue (Fig. 51). Neither spines nor hairs are 
present on the epidermal layer. The fundamental tissue consists of 
large parenchymatous cells, including no secretory cavities. 

The separate vascular bundle has а U- or V-shape in cross section, 
and the xylem is also of the same form. The arms of the xylem consist 
of large tracheids arranged in one or two rows, while the median corner 
consists of small ones in groups, on the inner concave side of which is a 
protoxylem with a cavity in front of it (Figs. 53 & 54). The phloem 
encloses the xylem, and on its external side there is a distinct layer of 
protophloem (Figs. 53 & 54). Inthe phloem, large sieve-tubes are often 
recognized. Outside the protophloem-layer and separated from it by 
a layer of pericycle, 2-3 cells thick, there is an endodermal layer 
(Figs. 53 & 54). Pericyclic cells are large and thin-walled, but some- 
times are extremely long in the radial direction and thick-walled ; 
this is the most conspicuous features of the present fossils. Outside 
the bundle and in contact with it, is a sclerenchymatous sheath consist- 
ing of fibrous elements. This sheath is composed of a few layers on 
the outer side of the bundle, but of many layers on the inner concave 
side. In a small bundle, the arms of the V-shaped bundle are short, 
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and the bundle assumes a heart-shaped or semicircular form in cross 
section (Fig. 53). The wavy connected bundle is formed by the lateral 
contact of the corresponding tissues, so that the structure is the same 
as that of the separate bundles (Figs. 52 & 54). 


V. Affinities 
a. THE STEM 


Several fossil stems of tree-ferns are already known. Some of them 
are stems with leaf-scars showing the leaf-traces on the surface, as in 
Caulopteris LINDLEY et Ноттох, Protopteris STERNBERG, Coniopteris 

3RONGNIART, Megaphyton ARTIS, Ptychopteris CORDA, Dicksonia L’HERITIER 
(fossil and living), Alsophilina DORMITZER, Oncopteris DORMITZER, etc. 
Of these fossils already known, those which have leaf-scars showing 
separate leaf-traces arranged like those of the recent Cyatheaceae or of 
the present fossils, Cyathocaulis and Cibotiocaulis given above, are 
Alsophilina, Oncopteris and some species of Caulopteris, such as: 

Alsophilina Kuniciana, DORMITZER, 1853 = Oncopteris Kuniciana, (DORMITZER) 

VELENOVSKY 1888"—Peruter formation 
Oncopteris Nettvalli, DORMITZER, 1858—Peruter formation (after VELENOvSKY!!)) 
Cuulopteris Phillipsii, LINDLEY et Hurrox—Camerton, England (after RENAULT); 
C. cyatheoides, UNGER—Neocomian, Ischel, Austria (after RENAULT?) 

In Alsophilina and some species of Caulopteris, small separate leaf- 
traces in the leaf-scar are arranged like those of the recent Cyatheaceae, 
and remind the sear of Cyathocaulis. ln Oncopteris, the traces in the 
scar consist of upper connected semicircular arcs and a lower series of 
small separate traces. Ifthe upper band-shaped traces are divided into 
separate strands, we get the type of leaf-traces in the Dicksonieae, 
which suggests one of the present fossils, Cábotiocaulis. Our two fossils, 
therefore, have scars similar to those of these fossil genera already 
known, but as the internal structure of these genera is not clearly 
given, we are unable to identify our fossils with them. 

Of the fossil tree-ferns already known, there are also some genera 
showing internal structure, as in Psaronius Corra, Caulopteris LINDLEY 
et Ноттом, Protopteris STERNBERG, Dicksonia L’HERITIER (fossil and 
living), Tempskya Corpa, Titea SoLm-LAUBAcH, etc. Of these fossils, 
those which show a stelar system like that of our fossils are Protopteris, 
Caulopteris and Dicksonia, such as: 

Protopteris Buvigniert, BRONGNIART, 1828 = Dicksonia Buvignieri, (BRONGNIART) 

RENAULT, 1883"—Cretaceous, Ardennes and Saint-Dizier, France; 
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P. Witteana, SCHENK, 1871—England and Germany (after RENAULT); 
Р. Cottai, CORDA, 1867!) = Dicksonia punclala,. STERNBERG—Cenocomian, 
Saxony, Germany (alter VELENOVSK€!) 

Canulopteris Brownii, RENAULT, 1883%—Cretaceous; C. Collaeana, RENAULT, 
1883°—Cretaceous 


The stem of Protopteris has stelar bands similar to those of the 
recent Dicksonieae, and a certain one is described as Dicksonia, but it 
differs ftom our fossils in having no inward projection of the stelar 
margins; and moreover, in having a continuous heart-shaped leaf-trace. 
The stem of Caulopteris described by RENAULT is very similar to our 
species in having the inwardly projecting stelar margins, and moreover, 
in having the root-traces in the cortex and the pith, but differs in 
having no medullary bundles. Moreover, the leaf-trace of Caulopteris 
usually has a continuous heart-shape. It is not proper, therefore, to 
identify our fossils with Caulopteris or any other genera. 

So far as the descriptions of tree-fern stems hitherto published are 
concerned, our species differ from the fossils already known, and on 
account of the arrangement of their leaf-traces after the type of recent 
Cyathea and Cibotium, the new genera, Cyathocaulis and Cibotiocaulis, 
are established. 

Now, the affinities of the new fossil stems to the Cyatheaceae are 
shown clearly by general appearance as well as by internal structure of 
the stem. Comparing the internal structure of the stem of our ferns 
with that of the recent Cyatheaceae, we find the following coincidences ; 
(1) the curving of the meristele in wavy form and the larger number of 
the meristeles of our fossils are points of assemblance to the Dicksonieae 
rather than to the Cyatheeae ; (2) sclerenchymatous sheaths are found 
surrounding each meristele ; (3) there are medullary bundles as in the 
Cyatheeae; (4) in the fundamental tissue there are secretory tissues; 
(5) the mode of parting of leaf-traces is peculiar; in this respect Cyatho- 
caulis resembles the Cyatheeae and Cibotiocaulis the Dicksonieae ; (6) 
the arrangement of vascular bundles in the leaf-scars or petiolar bases 
is peculiar; in this respect, Cyathocaulis resembles the Oyatheeae and 
Cábotiocaulis the Dicksonieae ; and (7) the root and root-trace have 
diarch vascular bundles enclosed in thick cortical tissue. 

On the other hand, as the structural differnces between the present 
fossil species and the recent Cyatheaceae, we may mention the following 
two points; (1) the meristelic margins project into the cortex and also 
into the pith in our fossils, but do not into the pith in the recent 
species ; and (2) the root-traces are found in both cortex and pith in our 
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fossils, but only in the cortex in the recent species. These two points 
are the most important characteristics of our fossils, and these features 
were found in the stem of Caulopteris of RENAULT” and Protopteris of 
Corpa”. 

The fossil stem from Wakayama may be taken for either the same 
species or one closely allied to Cyathocaulis naktongensis from Korea. 
According to Dr. Tarkıwa, the latter is the fossil characterizing the 
Nak-tong Series or Upper Jurassic of Korea, and may be taken as a 
horizon-maker of that formation. The locality in Wakayama where the 
fossil is found is believed to be Cretaceous, but judging from the forma- 
tion in Korea, it may be older than has been hitherto believed. 


b. Tue LEAF 


Several fossil petioles or rachides of tree-ferns with internal struc- 
ture have been hitherto described, such as Protopteris STERNBERG, 
Rachipteris WILLIAMSON, Pecopteris BRONGNIART, Stipitopteris GRAND’ 
Еову, etc. Their vascular bundles assume a continuous band heart- 
shaped in cross section. The vascular bundles of our petiole, Cyatho- 
rachis, on the other hand, are separate and quite similar in arrangement 
to those of the recent Cyatheeae, and on this account the fossil is con- 
sidered to represent the leaf-axis of this tribe. However, as the three 
genera of this tribe (Alsophila, Hemitelia and Cyathea) exhibit no generic 
differences as regards the structure of leaf-axis, it is impossible to decide 
in which of these genera our fossil should be included. Hence, a new 
genus, Cyathorachis, is proposed for it. 

The mode of arrangement of vascular bundles in this leaf-axis 
shows a similarity to that in the scar of Oyathocaulis. On this ground, 
it would be reasonable to consider that Cyathorachis represents the 
leaf-axis of such tree-ferns as having stems of the Cyathocaulis-type. 
Thus, Cyathorachis is considered to be the leaf-axis of certain Mesozoic 
ree-ferns such as Cyathocaulis on the one hand, and of tree-ferns having 
the characters of the living Cyatheeae on the other. 


с. CYATHEACEAN AFFINITIES 


As above mentioned, our fossil stems and petioles are believed to 
have Cyatheacean affinities. But, because of the lack of fronds associated 
with them, the exact systematic position of our ferns is not deterinined. 
In the same locality or formation, where our fossil were found, some 
frond-impressions have been known to oecur. In the formation of the 
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Nak-tong Series of Korea, where Oyathocaulis and Cibotiocaulis were 
found, there were obtained some frond-impressions of ferns''?, such as 
Onychiopsis YOKOYAMA, Coniopteris BRONGNIART, Cladophlebis Brox- 
GNIART, Adiantites GOEPPERT and Sagenopteris Prest. Near the locality 
at Wakayama, where Cyathocaulis was found, there were found some 
fern-fronds™, such as Pecopteris BRONGNIART, Onychiopsis YOKOYAMA, 
Adiantites GogPPERT, Sphenopteris BRoNGNIART and Cladophlebis BRon- 
GNIAR’. Some of these, as for instance Coniopteris and Pecopteris, may 
be regarded as belonging to tree-ferns. However, they do not seem to 
represent the fronds of our fossil ferns. When the fact that the 
Cyatheacean fronds are found fossil since the Jurassic is taken into 
consideration, it is not unreasonable to assume that our fossils may have 
Cyatheacean affinities. 


In conclusion, the writer wishes to express his sincere thanks to 
Professor К. Коли for his kind advice and criticism, and for the material 
he generously put at the writer’s disposal. Thanks are also due to 
Professor S. NAKAMURA of Kyóto Imperial University, Professor 
Y. Suzuki of the Third High School at Кубю and Dr. I. Tarerwa of 
the Geological Survey of Chösen at Seoul, who offered their valuable 
specimens for his study. He desires also to acknowledge to Mr. K. 
TATEBAYASHI of the Kyöto Imperial University for help collecting 
material. Lastly, he feels his indebtedness to Mr. S. Iwara of the 
Iwata Institute of Plant-Biochemistry for help defraying the cost of 
investigation. 
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Explanation of Plates П-УШ 


The figures in Plates II-III are reproduced from photographs of specimens, and 
those in Plates VI-VIIE from micro-photographs of slide-preparations. 


PLATE II. Cyathocaulis naktongensis from Korea 


Fig. 1. Specimen 2B; stem-surface; three fusiform leaf-scars are seen. (x 4) 

Fig. 2. Specimen 2B; cross section; wavy stelar ring is seen. (Cfr. Text-fig. 2) (x 1) 

Fig. 3. Specimen 2B; a leaf-scar on the lower left side of Fig. 1, showing arrange- 
ment of vascular bundles. (Cfr. Text-fig. 1) (x 3) 

Fig. 4. Specimen 2C; cross section; stem in the center is enclosed in root-mass; 
wavy stelar ring is seen in the stem. (Cfr. Text-fig. 8) (х 1) 


Specimen 2D; stem enclosed in thick root-mass. (x 4) 
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Fig. 6. Specimen 2D; cross section; stem in the center is enclosed in thick root- 
mass; another small stem is enclosed in the root-mass, its wavy stelar ring 
being clearly seen. (x }) 
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Fig. 7. Specimen G; external surface of the root-mass. (x 1) 

Fig. 8. Specimen G; cross section; stem enclosed in root-mass; wavy stelar ring 
is seen in the stem. (x 1) 

Fig. 9. Specimen E; stem in gravel-form; outer part rubbed off. (x 4) 

Fig. 10. Specimen D; external surface; stem enclosed in root-mass. (x 4) 

Fig. 11. Specimen D; cross section; stem enclosed in root-mass; wavy stelar ring 
is seen in the stem. (СЁ. Text-fig. 9) (x 1) 

Fig. 12. Specimen B; cross section of the stem; wavy stelar ring is clearly seen; 
stem-surface somewhat rubbed off. (Сїт. Text-fig. 8) (x 1) 

Fig. 13. Specimen 5; one lateral side covered with root-mass. (x 3) 

Fig. 14. Specimen 5; another lateral side showing the elevated leaf-bases; root-mass 
on this side has been removed. (x 4) 

Fig. 15. Specimen 5; cross section; stem (whitish) enclosed in root-mass 
(blackish); root-mass on upper side has been removed; wavy stelar ring is 
seen in the stem. (Cir. Text-fig. 10) (x 4) 


PLATE IV. Cyathocaulis naktongensis from Korea 


Fig. 16. Specimen 2D, slide 5; cross section of a half of the stem, showing wavy 
stelar band in the periphery and small circular medullary bundles on the 


lower side. (nat. size) 
Fig. 17. Specimen 20, slide 2; cross section of a part of the stem, showing the 


stelar ring; preservation bad. (* 2) 
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Specimen 2D, slide 2; a part of the stem in cross section, showing а leaf- 
gap, the stelar margins of which curve toward the pith (in the state 10 of 
Text-fig. 4); leaf-traces on the outside of the gap, root-traces on the outer 
and inner sides of the stelar ring, and roots on the outside of the stem are 
also shown. (х 8) 

Specimen 2D, slide 2; a part of Fig. 18, showing the stelar margins 
projecting toward the pith and the root-traces. (х 5) 

Specimen 2D, slide 3; cross section of a small stem enclosed in root-mass 
(cfr. Fig. 6); stelar ring, sclerenchymatous sheaths and some medullary 
bundles are seen. (x 3) 

Specimen 2C, slide 1; a part of the stem, showing the leaf-trace (in the 
state 4 of Text-fig. 4); sclerenchymatous sheath and root-traces are also 
seen. (х 5) 


Pirate V. Cyathocaulis naktongensis from Korea 


Specimen 2A, slide 3; a part of the pith in cross section, showing the 
medullary bundles and root-traces; four bundles on the lower side are 
enclosed in a common irregularly lobed sheath. (х 5) 

Specimen 2C, slide 3; cross section of root-mass, showing crowded roots. 
(х 5) 

Specimen 2A, slide 5; a part of the pith in cross section, showing the 
medullary bundles and root-traces; bundles are enclosed in sclerenchyma- 
tous sheaths. (х 5) 

Specimen 2D, slide 5; right lower part of Fig. 16 magnified, showing leaf- 
traces parted (in the state 11 of Text-fig. 4). (x 5) 

Specimen 2D, slide 2; a part of the pith in cross section, showing two 
medullary bundles and a root-traces (upper right side); bundles are 
enclosed in the sheaths. (х 20) 

Specimen 2D, slide 5; left lower side of Fig. 16 magnified, showing a part 
of the pith including medullary bundles and root-traces. One of the 
bundles is very long, and is enclosed in a sheath. (х 5) 

Specimen 2D, slide 2; a part of Fig. 18 magnified, showing the xylem (in 
the center), sclerenchymatous sheaths (both sides of the xylem), secretory 
cavities (circular ones) and root-traces (dark circular ones). (х 20) 
Specimen 2A, slide 5; a medullary bundle in cross section; endodermal 
layer is shown. (х 75) 

Specimen 2C, slide 3; a part of the root-mass, showing a root in cross 
section, with outer thin-walled and inner thick-walled cortex and diarch 
bundle. (х 20) 

Specimen 2A, slide 5; a medullary bundle enclosed in several segments of 
sclerenchymatous sheaths and a root-trace with thick-walled cortex. (x 20) 
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Prare VI. Cyathocaulis naktongensis from Wakayama 


Specimen E, slide 8; cross section of the stem, showing the general struc- 
ture; stelar bands are clearly shown; other tissues are badly preserved; 
outer part of the stem is rubbed off naturally. (nat. size) 

Specimen B, slide 2a; cross section of a half of the stem, showing the 
stelar bands and medullary and cortical root-traces; medullary bundles 
are not clearly distinguishable from the medullary. root-traces. (nat. size) 
Specimen E, slide 2; cross section of a part of the stem at the leaf-gap 
(in the state 7 of Text-fig.4) ; two band-shaped medullary bundles are 
found within the gap. (x 5) 

Specimen B, slide 2a; the central part of Fig. 33 magnified, showing a part 
of a leaf-gap whose stelar margins turn toward the pith (in the state 11 of 
Text-fig. 4); root-traces are sen on both sides of the stelar ring. (х 5) 
Specimen F, slide 2; external part of stem covered with filiform hairs. 
(x75) 

Specimen Е, slide 2; cross section of small stem, showing irregularly 
lobed stelar ring ; other tissues are badly preserved. (x 5) 

Specimen E, slide 2; a part of the stele in cross section; on the left side of 
the median xylem badly preserved secretory cavities and sclerenchymatous 
sheath are seen. (x 20) 

Specimen B, slide №; cross section of the leaf-trace at a leaf-gap (in the 
state 5 of Text-fig. 4), which is surrounded by sclerenchymatous sheath ; 
numerous root-traees are seen. (x 20) 

Specimen D, slide 1; a part of the pith in cross section, showing the distri- 
bution of well-preserved medullary bundles; fundamental tissue is badly 
preserved ; in some bundles sclerenchymatous sheaths are found. (x 5) 
Specimen D, slide 1; one of the medullary bundles in Fig.40 magnified ; 
sclerenchymatous sheath is scarcely seen. (x 20). 

Specimen D, slide 1 ; one of the medullary bundles in Fig.40 magnified ; 
sclerenchymatous sheath is slightly shown. (x 20) i 


PLATE УП. Cibotiocaulis Tateiwae 


Specimen 5, slide 3; cross section of the stem at the leaf-gap, the stelar 
ring bulging out (in the state 3 of Text-fig. 11); sclerenchymatous sheath 
on both sides of the stelar ring and some root-traces are shown. (x 3) 
Specimen 5, slide 2; cross section of a part of the stem, showing the 
stelar ring projecting outwards at two leaf-gaps (in the state 1'апа 2 of 
Text-fig. 11); other tissues are badly preserved. (x 3) 

Specimen 5, slide 2; a part of the stem-surface covered with filiform hairs. 
C то) 

Specimen 5, slide 1; cross section of a leaf-gap; stelar xylem and 
medullary bundles are seen ; fundamental tissue is badly preserved. (x 5) 
Specimen 5, slide 1; a medullary bundle of Fig. 46 magnified. (х 75) 
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Specimen 5, slide 1; a part of the leaf-gap in cross section, showing a 
medullary bundle and secretory cavities embedded in the badly preserved 
fundamental tissue. (x 20) 

Specimen 5, slide 3; a part of the stelar ring in cross section, showing the 
xylem in the center, ill-preserved sclerenchymatous sheaths on both sides 
and the fundamental tissue with secretory cavities. (x 20) 


Prarz VIII. Cyathorachis Fujviana 


Specimen А; cross section of rachis, showing arrangement of vascular 
bundles. (Cfr. Text-fig. 12) (x 4) 

Specimen В; cross section of petiole, showing arrangement of vascular 
bundles. (Cfr. Text-fig. 18) (x 4) 

Specimen B; median upper part of Fig.51 magnified, showing a heart- 
shaped bundle and a wavy connected bundle. (x 20) 

Specimen B ; cross section of a heart-shaped bundle, one of the upper 
laterally projecting bundles of Fig. 51; preservation very good. (X 75) 
Specimen B; a part of the wavy bundle of Fig.52 highly magnified ; 
preservation excelent. ( x 75) 
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